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Introduction In this chapter, we consider issues involvedwhen designing
studies with time-to-event outcomes. This includes deter-
mining the expected number of events to occur over the
study period, the total number of subjects to be recruited
into the study, the power of the study, the time period over
which to accrue the study subjects, the time period
over which enrolled subjects will be followed, and how to
adjust sample size requirements to allow for subjects who
might be lost to follow-up and/or who might switch thera-
pies from the one they were originally allocated during the
study period.

Our primary focus will consider prospective randomized
trials of two groups (control and treatment) with equal
allocation into each group. We will also consider how to
modify sample size and/or power calculations when there
is unequal allocation into the two groups.

Abbreviated
Outline

The outline below gives the user a preview of the material
to be covered by the presentation. A detailed outline for
review purposes follows the presentation.

I. Introduction: Background to Statistical Decisions
(pages 500–501)

II. Design Considerations: Time-to-Event Outcomes
(pages 502–503)

III. Determining the Required Number of Events
(NEV) (pages 504–505)

IV. Determining the Required Total Number of
Participants (N) (pages 505–511)

V. Other Design Issues (pages 511–514)

VI. Summary (pages 514–517)
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Objectives Upon completing this chapter, the learner should be able to:

1. Define and illustrate the following terms: significance
level, type I error, type II error, power, effect size, accrual
period, follow-up period, loss to follow-up, crossover
subject, drop-in, drop-out.

2. Given a, b, and D for a planned time-to-event study in a
clinical to compare two treatments, determine the
number of events required for the study.

3. Given a, b, D, and either the hazard rate, survival
probability, or median survival time expected for the
control group in a clinical trial to compare two
treatments, determine the study size required for an
allocation ratio of 1:1 between treatment and control
groups.

4. For the same situation as in objective 3, determine the
study size required for an allocation ratio of R:1 for a
specified R, where R ¼ N1/N0, Ni is the study size in the
i-th group, and N is the total study size.

5. For the same situation as in objective 4, describe and/or
illustrate how to adjust the study size to account for
possible loss to follow-up.

6. For the same situation as in objective 4, describe and/or
illustrate how to adjust the study size to account for
subjects who crossover from treatment to control
group or from control to treatment group.
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Presentation

I. Introduction:
Background to
Statistical Decisions

The preceding chapters have been focused on
developing a methodological and statistical
framework for analysis of time to event or sur-
vival problems. In this chapter, we concentrate
on the issues which are needed when designing
studies with time to event outcomes.

These issues typically include questions such
as: how many subjects should be recruited into
the study; over what period should the study
accrue the subjects; forwhat period after accrual
should the subjects be followed-up for an event;
what is the consequence of subjects switching
therapies from the one they were originally allo-
cated during the study period? Addressing these
issues is key to designing a study which has
sound scientific/statistical principles and adds
to the credibility of the final results among the
scientific community.

Before we develop these issues, we need to
review the key statistical concepts of statistical
power and level of significance.

Most survival studies are designed to compare
the time to event of two or more groups. We
typically beginwith the assumption that the sur-
vival experience is the same in these groups. This
assumption is called the null hypothesis (H0).

We then seek (through the study) to determine
whether there is sufficient evidence to demon-
strate that the survival experience in the groups
is different. This is termed the alternative
hypothesis (HA).

The amount of evidence found against the null
hypothesis is determined by the P-value (e.g.
from a logrank or proportional hazards tests).
If the P-value is small enough, we conclude
that there is statistically sufficient evidence to
conclude that the groups are different.

How many subjects?
Accrual period for recruitment?
Follow-up period after accrual?
What to do if subjects switch therapies?

Previous chapters: analysis
This chapter: design issuesFocus

Review: “power” and
“level of significance”

Most survival studies:

� Compare two or more groups
� H0: survival experience is the

same in groups being
compared

� HA: survival experience is
different in groups being
compared

P-value:

� Gives evidence against H0

� P small ) statistical
significance
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How small is small enough? Traditionally a P-
value less than 0.05 is regarded as providing
sufficient evidence against the null hypothesis
of no difference between the two groups.

This threshold value, referred to as the level of
significance, is denoted by a. For a specified
value of a, we are saying that there is a proba-
bility of a that we may decide to reject the null
hypothesis when in fact the null hypothesis is
correct. In statistical terms, this type of error is
referred to as a Type I error.

Theother error in statistical decisionmaking is to
declare that there is insufficient evidence to say
the groups are different (associatedwithP-values
> 0.05) when in fact they are actually different,
This is referred to statistically as a Type II error.

The power of the study is 1- probability of a
Type II error, also denoted 1-b, where b is the
probability of a Type II error.

The power will typically increase as the sample
size increases, i.e., the more information we
gather, the more likely we will declare the two
groups being compared as different when they
truly are different.

The final quantity to consider is the strength of
evidence of interest, typically referred to as the
effect size, and denoted as D. This measure (D)
can be either in the form of a difference or ratio
of hazard rates, survival probabilities, or
median survival times. If the effect size is large
(e.g. a 60% increase in disease free survival at 5
years), then fewer subjects would be required to
make a decision that the groups are different.

Examples of three types of effect sizes that are
all ratio measures are shown at the left. We
typically define D to be greater than 1 in order
to reflect a “positive” effect. For example, in a)
at the left, a reduction in event rates indicates a
positive effect, so the numerator in the ratio
formula for D contains l0 rather than l1.

At this point, we have identified three crucial
inputs required for sample size calculation: the
level of significance (a), the power (1-b) and the
effect size (D).

How small?
Traditionally:

P < 0.05 ) Evidence vs. H0

i.e., Reject H0ð Þ

a ¼ level of significance:

Pr Reject H0jH0

� � ¼ Pr Type I Errorð Þ ¼ a

Pr Do not reject H0jHAð Þ
¼ Pr Type II Errorð Þ ¼ b

Power ¼ Pr Reject H0jHAð Þ
¼ 1� Pr Type I errorð Þ ¼ 1� b

Sample size
(information)

Power
(declare HA)

Strength of evidence, i.e., effect
size (D):

� Different ways to quantify D:

D ¼ y1 � y0 or y1=y0where
1. yi are hazard rates
2. yi are survival probabilities
3. yi are mean survival times
� D large ) smaller sample size

required

EXAMPLES: RATIO MEASURES OF

EFFECT SIZE

a) Reduction in annual event rate from

10% to 5%: D ¼ l0/l1 ¼ 10/5 ¼ 2
b) Increase in3-yearsurvival from74%to

86%: D¼ (S1/S0)¼ 0.86/0.74¼ 1.16 or
D¼ (lnS0/lnS1)¼ ln(0.74)/ln(0.86)¼ 2

c) Increase in median survival from 7
to 14months: D¼ (m1/m0)¼ 14/7¼ 2

Sample size (N) related to
a, 1 � b, and D
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II. Design Considerations:
Time-to-Event
Outcomes

Our discussion of design and sample size
considerations in survival analysis studies will
primarily focus on prospective randomized
trials of two groups (control and intervention)
with equal allocation into each group. We will
also consider how tomodify sample size and/or
power calculations when there is unequal allo-
cation into the two groups.

Consider a study where we plan to accrue sub-
jects for a period of A (days,months, years) time
units, and then observe or follow them up for a
further F time units. This defines the total study
period to have A þ F time units.

The diagrams on the left show how subjects
who experience an event or are censored are
represented in the total study time A þ F. The
top diagram illustrates a subject experiencing
the event T units after recruitment into the
study.

The bottom diagram illustrates a subject not
experiencing the event (i.e., censored) after
recruitment into the study.

For each subject, we require information on
whether or not the event of interest had
occurred, the time from recruitment into the
study to either the time that the event occurs or
the time of censoring, and the treatment group
to which the subject was allocated.

A key design issue for clinical trials already
mentioned is the effect size of interest for
comparing the two treatments. This difference
should be both plausible and clinically worth-
while. Other issues include the need for suffi-
cient funds to support the study, adequate
resources to carry out the study (number of
institutions participating, etc.), and sufficient
number of patients with the disease who
would be prepared to participate in the pro-
posed study.

Primary focus:

� Prospective randomized trials
� Comparing two groups
� Equal allocation
� Unequal allocation

Assume:
A ¼ accrual period
F ¼ follow-up period

A + F ¼ total study period

entry

accural follow-up
Observed event

A

T

A+F0

event

entry

accural follow-up

Censored event

A A+F0

Information on each subject:

� Occurrence of event (yes or no)?
� Time to event or censoring
� Treatment group allocation

Design issues:

� Effect size of interest (plausible
and clinically relevant)

� Sufficient funds
� Adequate resources
� Sufficient # of patients

available to participate
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When planning a clinical trial involving time-
to-event outcomes, it is important to distin-
guish the study size required from the number
of events required.

The study size refers to the total number of
subjects chosen to participate in the study,
including those who get the event and those
who do not get the event.

The number of events refers to those study
participants who actually get the event during
the study period.

When determining sample size and/or power in
such studies, we typically first determine the
expected (or required) number of events
(NEV), after which we then determine the study
size required (N). Thismeans that a, b andD are
needed todetermineNEV,which thengets “extra-
polated” toN by dividing by (a guestimate of) the
probability that a studyparticipant gets an event.
(Details on “extrapolation” in Section IV.)

Note that the recruitment of study participants
(rather than only those participants who
become cases) is what actually happens in
practice, since events do not start occurring
until after the study begins.

Nevertheless, the study size required can be
determined without waiting for events to start
occurring, as we will show in Section IV, by
making certain assumptions about study dura-
tion (i.e., accrual and follow-up periods) and the
(hazard or survival) distribution of event times.

The study duration must be determined to be
sufficiently long to observe the expected num-
ber of events. If the accrual and follow-up per-
iods as well as expected number of events are
determined in advance, it is possible to project
a sufficiently long study duration.

Study size (N) versus # of Events
(NEV)

N ¼ total # of study participants
� includes thosewhoget event and

those who do not get the event

NEV ¼ # of participants who get
event during study period

Process for determining N in time-
to-event studies:
Step 1: Determine NEV using a,

1�b, D
Step 2: Determine N from NEV

by extrapolation using
N ¼ NEV/pEV

where
pEV ¼ Pr(study participant gets

event)

In practice:
recruit study participants (N)

rather than
events (NEV)- occur after study

begins

Section IV (page ):
determining N from NEV using
assumptions on

study duration
and distribution of event times

Study duration

� long enough to observe NEV

� specify in advance:
accrual and follow-up periods,
and NEV
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III. Determining The
Required Number of
Events (NEV)

For convenience, we describe how to determine
the required number of events by making the
assumptions shown at the left.

If we assume proportional hazards, then the
effect size can be calculated based on any of the
three survival attributes: event rates (li), survival
probabilities (Si) or median survival times (mi).

For a given effect size (D), level of significance
a, and power (1�b), the number of events
required for both groups combined is given
(Freedman 1982) by equation (1) on the left.

The power corresponding to a specified number
of events can be obtained using equation (2).
Note that Pr(Z < zEV) is the cumulative pro-
bability below the value zEV of the standard
normal distribution.

As an example, suppose we are interested in the
increase in median survival time defined by the
effect size D (¼ m1/m0) ¼ 14/7 ¼ 2. Suppose
further we set the level of significance at 5%,
so z1�a/2 ¼ 1.96, and we desire 80% power, so
z1�b ¼ 0.84, where the z values are obtained
from the standard normal distribution.

The number of events required using equation
(1) is given by the calculation shown at the left;
thus, 71 events are required.

Suppose we commence the study and find that
the event rate is occurring much faster than
anticipated, and we have observed 100 events.
Then the power of our study using equation (2)
is given by the calculation shown at the left.
Thus with 100 events, our study has 92%
power to detect a increase in median survival
time from 7 months to 14 months.

Assumptions:
1. N1¼N0 i.e., equal study sizes in

each group
2. HA is two tailed
3. N1 and N0 large enough to use

normal approximation, i.e., Z�
N(0,1)

4. Proportional hazards satisfied,
i.e., l1/l0 constant over time

Assumption 4 (PH satisfied) allows
ratio measures of effect size mea-
sures of any type:

D ¼ l1=l0; D ¼ S1=S0; or D ¼ m1=m0

NEV ¼
z1�a=2þz1�b

� �
Dþ1ð Þ

ðD�1Þ

0
@

1
A

2

� � � � � � ð1Þ

Power¼ Pr Z< zEVð Þ � � � � � � � � � � � � � � � ð2Þ

where zEV ¼ ffiffiffiffiffiffiffiffiffi
NEV

p D� 1

Dþ 1

� �
� z1�a=2

	 


EXAMPLE

D (¼ m1/m0) ¼ 14/7 ¼ 2
a ¼ 0.05, z1�a/2 ¼ 1.96, b ¼ 0.20,
z1�b ¼ 0.84

NEV ¼ 1:96þ0:84ð Þ 2þ1ð Þ
2�1ð Þ

� �2

¼ 70:56� 71

Power: Pr(Z < zEV) where

zEV ¼
ffiffiffiffiffiffiffiffi
100

p 2� 1

2þ 1

� �
� 1:96

	 

¼ 1:373

so that

Pr Z < 1.373ð Þ ¼ 0:92
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Formula (1) can be modified to allow for
unequal group sizes.

Unequal group sizes may be considered when
one treatment is more expensive than the other
or to gain more experience with a new inter-
vention.

We let R denote the ratio N1/N0, where Ni

denote the number of subjects (with and with-
out events) in the i-th treatment group, i¼0, 1,
so that N¼ N1þN0 gives the total sample size
for the study.

The modified formula for the required number
of events (NEV) is modified to equation (3) on
the left.

Here, we illustrate calculations using formula
(3) for R¼2. Note that the value obtained for
NEV (i.e., 98) when R ¼ 2 is somewhat higher
than the value previously obtained (i.e., 71)
when we used equal sample sizes (i.e., R¼1).

IV. Determining the
Required Total
Number of
Participants (N)

To calculate the number of participants
required in designing a clinical study, some
additional pieces of information are required
(see left diagram);
1. the accrual period, A;
2. the follow-up period, F, after the last

subject has been entered onto the study;
3. the median follow-up time MF ¼ A/2 þ F
4. X denotes the time point at study entry for

any subject entering between time 0 and
time A

5. Aþ F�X denotes themaximum follow-up
since study entry for a subject entering at
time X

6. the distribution of the time(s) to event T:
specify either

the survivor functions Si(t), i¼1,2, for each
group

or assume
constant event rates li, so that Si(t) ¼ e�lt

(exponential distribution).

Unequal group sizes:

� Requires modifying formula (1)
� One treatment is more

expensive than the other
� Gain more experience with a

new intervention

R ¼ N1/N0 where
N ¼ N1 þ N0, Ni¼# of events in

group i, i¼0, 1

NEV ¼
z1�a=2þz1�b

� �
RDþ1ð Þffiffiffiffi

R
p

D�1ð Þ

0
@

1
A

2

ð3Þ

EXAMPLE: R¼2

NEV ¼ 1:96þ 0:84ð Þ 2 2ð Þ þ 1ð Þffiffiffi
2

p
2� 1ð Þ

 !2

¼ 98

A+F

accrual period follow-up (F)

X A+F0 A

A 

A+F-X

entry

time of entry into study

Presentation: IV. Determining the Required Total Number of Participants (N) 505



A general formula for the total sample size
(subjects with and without events) is derived
by assuming that the number of events needed
(NEV) is the product of the total sample size (N)
times the probability (pEV) that a subject will
get an event since study entry.

Since we are assuming two treatment groups,
we can use basic conditional probability rules
to express pEV as the sum of the two compo-
nents shown at the left.

The term pEVi denotes the probability of an
event occurring given a subject is in treatment
group i, i¼0,1. The term wi denotes the proba-
bility of being in treatment group i.

If the allocation ratio for subjects into the two
treatment groups is determined in advance to
be R ¼ N1/N0, where Ni is the total sample size
in group i, then wi, which is effectively a
weight, denotes the proportion of the total
sample size in group i (i.e., Ni/N).

With algebra, we can divide both the numera-
tor and denominator of wi by N0 to express the
weights (wi) in terms of R, as shown on the left.

We can thus write the formula for total sample
size (N) in terms of the number of events (NEV)
and the allocation ratio R.

As a special case, if the allocation ratio is R¼1,
i.e., N1 ¼N0, then the denominator in the for-
mula for N simplifies to the arithmetic average
of the pEVi.

An alternative formula for the total sample size
can be obtained if we can express the event
probabilities (pEVi) in terms of survival curve
parameters.

We first write pEVi as 1 minus the probability of
no event occurring since study entry, that is,
one minus the probability of surviving since
study entry.

The latter survival probability can be approxi-
mated as the probability that a subject survi-
ves past the median follow-up time (i.e., MF ¼
A/2 þ F) for all subjects.

Determining N (cont’d)

Relating number of events to total
sample size:

NEV = N� pEV
where

N¼ total sample size
pEV ¼ Pr(event occurs since

study entry)

pEV ¼ Pr EVji = 1ð ÞPr i = 1ð Þ
þ Pr EVji ¼ 0ð ÞPr i ¼ 0ð Þ

¼ w1 pEV1 þ w0 pEV0

where

pEVi ¼ Pr EVjið Þ andwi ¼ Pr ið Þ; i = 0,1

If R ¼ N1/N0 and N1þN0¼N
where Ni is the sample size in
group, i¼0,1 then

wi ¼ Ni/N, i ¼ 0; 1

Algebra:

w1 ¼ N1/ N1 þ N0ð Þ ¼ R/ Rþ 1ð Þ
w0 ¼ N0/ N1 þ N0ð Þ ¼ 1/ Rþ 1ð Þ

N =
NEV

R

R + 1
pEV1 þ

1

R + 1
pEV0

Special Case:R = 1

N ¼ NEV

pEV1 þ pEV0ð Þ=2

Alternative formula:
Express (pEVI) in terms of
parameters of Si(t)

pEVi¼1�Pr no event since study entryj ið Þ
¼1�Pr surviving since study entryj ið Þ
�1�Si MFð Þ

where
Si(t) ¼ survival function at time

t for group i
MF ¼ A/2 þ F ¼ median follow-

up time
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Thus, a general formula for the total sample
size can be given in terms of the survival
model assumed by the investigators, as shown
on the left.

In particular, if the survival function is expo-
nential, the formula can be further specified as
shown here.

As an example, suppose the accrual period is
2 years, and the follow-up period is 4 years, so
that the median follow-up time (MF) is 5. Sup-
pose further that R¼1, a¼.05, b¼.10, the con-
trol group hazard rate (l0) is 0.10 and the effect
size (D ¼ l0/l1) is 2, i.e., we consider a reduc-
tion in hazard rates from 0.10/year to 0.05/year.

Substituting this information into the sample
size formula, we obtain a total required sample
size of 308 subjects, which will yield approxi-
mately 95 events, with an approximate overall
event probability of 0.31. Note that the latter
probability estimate is calculated using the
denominator in the sample size formula.

We now describe an alternative approach for
derivinga total sample size formula that assumes
an exponential survival curve, but doesn’t use the
median follow-up time (MF) to approximate the
calculation of survival probabilities.

Parametric survival distributions other than
exponential are always possible for survival
data. Nevertheless, by assuming an exponential
function, we typically obtain reasonable sample
size estimates. This makes sense because of the
wide applicability of the Cox model, whose
parametric component has exponential form.

Recall that we previously provided a formula
for the total sample size (shown again here)
that involved the number of events required
(NEV), the allocation ratio (R), and the prob-
abilities (pEVi) of an event occurring in each
treatment group.

We now describe how to calculate event prob-
abilities (pEVi) in terms of exponential survival
parameters.

Total Sample Size: Formula 1

N =
NEV

R

R + 1
1� S1 MFð Þf g þ 1

R + 1
1� S0 MFð Þf g

Special case: Si(t) ¼ exp(�lit), i¼0,1

N ¼ NEV

R

R + 1
1� e�l1MF
� �þ 1

R + 1
1� e�l0MF
� �

EXAMPLE

A¼2, F¼4, so MF¼A/2 þ F ¼ 5
R¼1
a¼0.05, b¼0.10
l0 ¼ 0.10, D ¼ l0/l1 ¼ 2

N ¼ 1:96þ 1:282ð Þ 2þ 1ð Þ= 2� 1ð Þ½ �2
1

1þ 1
1� e�2 0:05ð Þ 5ð Þ
n o

þ 1

1þ 1
1� e� 0:05ð Þ 5ð Þ
n o

307.8
307.0
595.94 ==

NEV

PEV

Alternative approach for
computing N:
1. Assumes exponential survival

Si tð Þ ¼ exp �litð Þ; i ¼ 0; 1

2. Does not use Si(MF)

Exponential survival function:
typically yields reasonable sample
size estimates

(note: Cox model has exponential
component)

N ¼ NEV

R

R + 1
pEV1 þ

1

Rþ 1
pEV0

Next: calculating pEVi, i¼0,1.
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We first write the probability that a subject
entering treatment group i at time X gets the
event as the product of probabilities. This fol-
lows from the basic probability rule that the
joint probability of two events A and B equals
the conditional probability of A given B times
the probability of B.

We can simplify the above formula if we
assume that the time X at which any subject
enters the study has the uniform distribution
over the accrual period.

The probability of an event is equal to 1 minus
the probability of no event, which is 1 minus the
probability of surviving since entry. Thus, we
can rewrite the right hand side of above formula
as shown here. Note that AþF�X gives the sur-
vival time for a subject entering at time X and
surviving to the end of the study (at time AþF).

Recognizing that a subject’s entry time X
ranges between 0 and A, we can now integrate
over this range to obtain pEVi, the probability
that any subject entering treatment group i at
time X gets the event since study entry. This
integral formula is shown at the left.

Letting u denote AþF�X, and noting that u will
range from F to AþF as X ranges between A
and 0, we can further rewrite this integral as
shown here.

We can further simplify this formula if we are
willing to assume that the survival curve fol-
lows an exponential distribution.

We can then carry out the integration and
corresponding algebra to obtain an expression
for pEVi that involves the constant hazard rate li
for treatment group i, the accrual period A, and
the follow-up period F as shown on the left.

Pr(A and B) = Pr(A|B) Pr(B)

Pri(EV and entry at X)
= Pri(EV | entry at X)Pr(entry at X)

Assume uniform distribution for
each i:

X � U 0;A½ � ) Pr entry at Xð Þ ¼ 1=A

so that

Pri EV and entry at Xð Þ ¼ 1

A
Pri EVjentry at Xð Þ

1

A
Pri EVjentry at Xð Þ

¼ 1

A
½1� Pri No EVjentry at Xð Þ�

¼ 1

A
½1� Pri Survive past Aþ F�Xjentry at Xð Þ�

Integration formula for pevi:

pEVi ¼
1

A
½
ðA
0

1� S Aþ F� Xð Þ½ � dx:

Let u ¼ AþF�X, so

X ¼ A ) u ¼ F and X ¼ 0 ) u ¼ Aþ F

Then,

pEVi ¼ 1� 1

A

ðAþF

F

S uð Þdu

Further simplification:

Assume S tð Þ ¼ exp �ltð Þ

pEVi ¼ 1� 1

A

ðAþF

F

exp �liuð Þdu

¼ 1� 1

liA
� exp �liuð Þ½ �AþF

F

¼ 1� 1

liA
exp �liFð Þ � exp �li Aþ Fð Þð Þ½ �
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We then obtain the general formula shown at
the left for the required number of total parti-
cipants (N) in terms of the total expected events
(NEV), exponential hazard rates (li) in each
group, effect size (D ¼ (l1/l0), allocation ratio
R, accrual period (A), and follow-up period (F).

We again consider the same example we previ-
ously used with Formula 1, but now applied to
Formula 2. Recall that here we consider a
reduction in hazard rates from 0.10/year to
0.05/year, so that the effect size (D) is 2. The
allocation ratio is assumed to be 1:1, i.e., R¼ 1.

We previously found for this example that the
number of events required (NEV) was 94.595.

Substituting the above information into for-
mula for pEVi, find that pEV1 ¼ 0.2207 and
pEV0 ¼ 0.3925.

We then substitute these values for pEVi into
Formula 2, as shown at the left to obtain a total
sample size (N) of 309, which is essentially the
same as the 308 obtained from Formula 1.

As a second example, suppose we wish to
determine the sample size for a clinical trial
looking at a molecular targeted therapy (inter-
vention group) for patients with metastatic
colorectal cancer.

Total Sample Size: Formula 2

N ¼ NEV

R

Rþ 1
pEV1 þ

1

Rþ 1
pEV0

where
pEVi ¼ 1� 1

liA
e�liF � e�li AþFð Þ
h i

li ¼ constant hazard for group i
R ¼ allocation ratio,
A ¼ accrual period,
F ¼ follow-up period

EXAMPLE

A¼2, F¼4
R¼1
a¼0.05, b¼0.10
l0 ¼ 0.10, D ¼ l0/l1 ¼ 2
NEV ¼ 94.595

pEV1 ¼ 1� 1

0:05ð Þ 2ð Þ e� 0:05ð Þ 4ð Þ - e� 0:05ð Þ 2þ4ð Þ
h i

¼ 1� 0:7791 ¼ 0:2207

pEV0 ¼ 1� 1

0:10ð Þ 2ð Þ e� 0:10ð Þ 4ð Þ � e� 0:10ð Þ 2þ4ð Þ
h i

¼ 1� 0:6075 ¼ 0:3925

N ¼ 94:595
1
2
0:2207ð Þ þ 1

2
0:3925ð Þ

¼ 94:595

0:3066
¼ 308:52 � 309

SECOND EXAMPLE

Patients with metastatic colorectal
cancer

Intervention group: molecular
targeted therapy
vs.

Control group standard therapy
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The study aim is to increase the median time to
disease progression survival from 6 months in
the control group to 10 months in the interven-
tion group. Assume a 15-month accrual period
and a 12-month follow-up period, 90% power
and a 5% significance level. Also subjects are to
be allocated in a 1:2 ratio (2 subjects in the
intervention for each control), i.e., R¼2.

Note that in this example, we are given the
desired increase in median survival times (mi)
from control to intervention group, but not the
corresponding set of hazard rates (li) for these
two groups, which we need to use in our sam-
ple size formula.

Nevertheless, we can determine the values for
li from their corresponding median survival
times mi by setting the exponential survival
probability Si(mi) ¼ exp(�limi) equal to 0.5
for group i, and then solving for li, as shown
at the left. Note that the value of any survival
function at its median survival time is, by defi-
nition, always equal to 0.5.

Thus, substituting the values of m0¼6 and
m1¼10 in the above formula for li, we obtain
the values l0 ¼ 0.116 and l1 ¼ 0.069, as shown
at the left.

Consequently, the effect size (D¼ l0/l1) needed
for our sample size formula is 0.1155/0.0693,
which equals 1.667.

To determine the sample size required for this
study, we first compute the required number of
events (NEV), as shown on the left.

Thus, we require 222 total events.

We now use our Formula 2 (shown again here)
to compute the sample sizes required in each
treatment group.

SECOND EXAMPLE: (continued)

Study aim: median survival time (mi)
improves from m0 ¼ 6 to
m1 ¼ 10

A¼15 mos., F¼12 mos.
a¼0.05, b¼0.10
R¼2

We are given m0 ¼ 6 and m1 ¼ 10
but

we need corresponding l0 and l1

Si mið Þ ¼ expð�limiÞ ¼ 0:5; i ¼ 0; 1

+
�limi ¼ ln 0:5 ¼ � ln 2

+
li ¼ ln 2=mi

l0 ¼ ln 2/6 ¼ 0.1155

l1 ¼ ln 2/10 ¼ 0.0693

D ¼ l0/l1 ¼ 0.1155/0.0693 ¼ 1.667.

NEV ¼ z1�a=2 þ z1�b
� �

RDþ1ð Þffiffiffiffi
R

p
D� 1ð Þ

 !2

¼ 1:96þ 1:28ð Þ 2 1:667ð Þ þ 1ð Þffiffiffi
2

p
1:667� 1ð Þ

 !2

¼ 221:6; where rounds to

222 required events

Next: Computing N1 and N0 using
Formula 2

N ¼ NEV

R

Rþ 1
pEV1 þ

1

Rþ 1
pEV0

where

pEVi ¼ 1� 1

liA
e�liF � e�li AþFð Þ
h i
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The computation of pEVi, i¼0,1 is shown on the
left.

We obtain pEV1 ¼ 0.7293

and

pEV0 ¼ 0.8812.

We now substitute NEV¼221.6, pEV1 ¼ 0.7293,
pEV0 ¼ 0.8812, and R¼2 into the formula for N
as shown at the left.

We obtain a total required sample size (N)
of 285.

Now, given N and R, we can solve for N1 and N0

using the formula shown at the left.

Since R ¼2, so that N1¼2N0, it follows that
N1¼190 and N0¼ 95 subjects are required in
groups 1 and 0 respectively.

V. Other Design Issues Other issues to consider in the design of time-
to-event studies are shown at the left.

We have seen the accrual period (A) and length
of follow-up period (F) contribute in the expres-
sions for the probability of an event as well as to
total sample size. In any design, there needs to
be a balance between the choices of accrual and
follow-up periods. The cost of accruing subjects
into a study is, in general, far greater than the
cost of follow-up.

SECOND EXAMPLE: (continued)

pEV1

¼ 1� 1

0:0693ð Þ 15ð Þ e� 0:0693ð Þ 12ð Þ � e� 0:0693ð Þ 15þ12ð Þ
h i

¼ 1� 0:2707 ¼ 0:7293

pEV0

¼ 1� 1

0:1155ð Þ 15ð Þ e� 0:1155ð Þ 12ð Þ � e� 0:1155ð Þ 15þ12ð Þ
h i

¼ 1� 0:1188 ¼ 0:8812

N ¼ 221:6
2

2þ 1
0:7293ð Þ þ 1

2þ 1
0:8812ð Þ

¼ 284:12 � 285

N1 ¼ [R/(Rþ1)]N and N0 ¼ N1/2

R¼2 and N ¼ 285 )N1 ¼ 190 and
N0 ¼ 95

� Choosing accrual and follow-
up times;

� Adjusting for loss to follow-up;
� Adjusting for cross-over (drop-

in/drop-out)

Accrual and follow-up times:
A ¼ accrual period
F ¼ follow-up period

� Need balance between the
choices of accrual and follow-
up periods

� Cost of Accrual >>
Cost of follow-up
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Thetableon the left illustrates,using thecolorectal
cancer example, how the study size required
(N) varies depending on the duration periods
of accrual and follow-up. This table indicates
that a longer follow-up time has a larger
impact on sample size than a longer accrual
time.

For example, for an accrual period of 12months,
the sample size needed is reduced from 206 sub-
jects to 186 subjects as the follow-up period is
increased from 12 to 18 months. However, for a
follow-up period of 12 months, the sample size
needed is reduced from 206 subjects to only 196
subjects as the accrual period is increased from
12 to 18 months.

In large scale clinical trials, it is usually difficult
to retain complete follow-uponall subjects. Inev-
itably, a proportion of subjects will leave the
study before experiencing an event. Some rea-
sons include personal circumstances (moving to
another district/city/state/country), experiencing
unacceptable toxicity from the therapy, loss of
interest, or receiving a newer therapy.

As more subjects leave the study, the number of
events will be reduced and the power of the
studywill be compromised. This can be partially
adjusted for by increasing the sample size in an
attempt to maintain the number of events.

We can adjust for loss to follow-up in sample
size calculations if we have an estimate from
previous studies of the proportion of subjects
expected to be lost to follow-up (plof). We
also need the study size required with full
follow-up (N).

Then the adjusted sample size (NLOFadj) that
accounts for the loss to follow-up is obtained
by dividing N by (1 � plof).

For example, in a study of 270 subjects, it is
observed during the study that 25% of subjects
are lost to follow-up. To ensure that the study
power is maintained, the sample size would
need to be increased to 360 subjects.

Impact of accrual and follow-up
times on the study size
Colorectalexample:NEV¼161,

a¼0.05,
1�b¼0.90

Study time N

Accrual follow-up

12 12 206

12 15 194

12 18 186

15 12 200

15 18 184

18 12 196

18 15 188

18 18 182

Loss to follow-up

Subjects leave study before experi-
encing event
Reasons:
� personal circumstances
� experiencing unacceptable

toxicity
� loss of interest
� receiving newer therapy

Follow-up losses Þ NEV

Þ Power

Adjusting for loss to follow-up:
Need
plof ¼ proportion of subjects

expected to be lost to
follow-up

N ¼ study size with full follow-up

Then

NLOFadj ¼ N= 1� plofð Þ

EXAMPLE

N ¼ 270; plof ¼ 0:25
+

NLOFadj ¼ 270= 1 � 0:25ð Þ ¼ 360
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In randomized controlled trials, the analysis
is typically based on the Intention-to-Treat
(ITT) principle. This principle states that sub-
jects will be analyzed to the treatment group
to which they were originally assigned at the
time of randomization.

Not adhering to the ITT principle would break
the randomization to some extent, which could
potentially lead to a confounded adjusted
estimate.

Another approach to the analysis is to adjust
for cross-over from one treatment group to
another.

If a subject changes groups during the trial,
from either treatment (T) to control (C) or
from control to treatment, we say that this
subject is a “cross-over”. A change from T to C
is called a “drop-out” and a change from C to
T is a “drop-in.”

Let N denote the originally calculated sample
size prior to considering the possibility of cross-
overs. Also, let dc and dt be the potential pro-
portion of subjects who drop into the control
and intervention groups; these are guestimates.

Then it can be shown that for an intention-
to-treat analysis, to maintain the study power,
the total study size should be adjusted to give a
sample size inflation factor. This adjustment
formula (NITTadj) is shown at the left.

The table at the left gives the sample size infla-
tion required for different levels of drop-
ins/drop-outs originally assigned at the time of
randomization. Thus, subjects which receive
the opposite treatment to which they were ran-
domized will (in general) dilute the effect seen
by the intervention due to this cross-over.

Cross-over (drop-in/drop-out)
adjustments
One approach: Intention-to-treat
(ITT) principle-
subjects analyzed according to the
originally assigned treatment group

Another analysis approach: Adjust
for crossovers

Crossover: a subject who changes
from T to C or from C to T during
the trial
where
C ¼ control group,
T ¼ treatment group
T to C ) drop-out
C to T ) drop-in
N ¼ original total sample size (w/o

adjusting for cross-overs)
dc¼ proportion of (drop-outs) from

T to C
dt ¼ proportion of (drop-ins) from

C to T

Sample-size formula adjusted
for ITT:

NITTadj ¼
N

1� dc � dtð Þ2

Sample Size Inflation factor
Drop-in rate

Drop-out rate 0% 1% 5% 10% 15% 20%
0% 1 1.02 1.11 1.23 1.38 1.56
1% 1.02 1.04 1.13 1.26 1.42 1.60
5% 1.11 1.13 1.23 1.38 1.56 1.78
10% 1.23 1.26 1.38 1.56 1.78 2.04
15% 1.38 1.42 1.56 1.78 2.04 2.37
20% 1.56 1.60 1.78 2.04 2.37 2.78

No ITT Þ randomization Þ confounding
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As an example,we consider a study investigating
the impact of exercise on time to disease pro-
gression in colorectal cancer patients, rando-
mized to an exercise regimen.

Thosepatientswho stop exercising aredropping
out of the exercise arm (into the control arm).
Those who commence an exercise program are
dropping into the exercise arm (out of the
control arm).

Suppose the study size originally required 600
subjects, with 5% expected to drop out of the
intervention arm, and 15% expected to drop
into the intervention arm. Then, using ITT, the
sample size (see the table on the left) needs to
be increased to 936 subjects.

VI. Summary A summary of this presentation is nowprovided.
We have addressed several issues, which are
listed on the left.

We began by reviewing key statistical concepts,
including describing the terms null hypothesis
(H0), alternative hypothesis (HA), P-value, Type I
error (a), Type II error (b), Power ¼ 1�b, and
effect size (D).

The effect size (D) can be either in the form of
difference or ratio of hazard rates, survival
probabilities, or median survival times.

Weconsider randomized trials inwhich subjects
are accrued for a period of A (days, months,
years) timeunits, and then followed for a further
period of F time units. For each subject, we
obtain information on whether or not the event
of interest had occurred, the time from study
entry (X) to the occurrence of the event or cen-
soring, and the treatment group allocation.

EXAMPLE

Exercise
regimen

? 
Disease progression in

colorectal cancer patients

Patients who stop exercise: drop-outs
Patients who start exercise: drop-ins

N ¼ 600; dc ¼ 0:05; dt ¼ 0:15

+
NITTadj ¼ 600= 1 � 0:05 � 0:15ð Þ2

¼ 600 � 1:56 ¼ 936

Issues:

� How many events to expect?
� How many subjects?
� Impact of length of accrual and

follow-up periods?
� Adjusting for loss of follow-up?
� What to do if subjects switch

therapies?

Key statistical concepts:

H0, HA, P-value,
Type I error (a), Type II error (b),
Power ¼ 1�b, effect size (D).

D can be y1 � y0 or y1/y0 where yi
are hazard rates (li), survival
probabilities (Si), or mean
survival times (mi)

A+F

accrual period follow-up (F)

X A+F0 A

A

A + F - X

time of entry into study
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When determining the sample size and/or
power, we typically first determine the expected
(i.e., required) number of events (NEV), after
which we then determine the study size
required (N).

The parameters a, b, and D are needed to deter-
mine NEV, which then gets “extrapolated” to N
by dividing by (a guestimate of) the probability
that a study participant gets an event (pEV).

Given a, b, andD, the required number of events
(NEV) for a trial involving equal study sizes in
two groups is given by formula (1) shown at the
left. This formula assumes that the sample sizes
(N1 and N0) in each group are large enough to
use a normal approximation. The formula also
assumes that the PH assumption is satisfied,
i.e., D is constant over time.

The power corresponding to a specified num-
ber of events (NEV) can be obtained using for-
mula (2), where P(Z < zEV) is the cumulative
probability below the value zEV of the standard
normal distribution.

The formula for NEV can be modified for
unequal sample sizes as shown at the left.

There are two approaches to determining the
total sample size N and the corresponding
sample sizes N1 and N0 in groups 1 and 0,
respectively, for R¼N1/N0 where N1þN0 ¼N.
Both formulae are determined by extrapolating
from NEV to N by dividing by (a guestimate of)
the probability that a study participant gets an
event (pEV).

Process for Determining N

Step 1: Determine NEV using a,
1�b, D

Step 2: Determine N¼ NEV/pEV

where
pEV ¼ Pr(study participant gets

event)

Formula for NEV:

NEV¼
z1�a=2þz1�b

� �
Dþ1ð Þ

D�1ð Þ

0
@

1
A

2

� � � � � �ð1Þ

Assumes: N1 ¼ N0, both large,
PH assumption

Power ¼ Pr Z < zEVð Þ � � � � � � � � � � � � ð2Þ

where

zEV ¼ ffiffiffiffiffiffiffiffiffi
NEV

p D� 1

Dþ 1

� �
� z1�a=2

	 


Unequal allocations: R¼N1/N0

where N1 6¼N0

NEV ¼
z1�a=2þz1�b

� �
RDþ1ð Þffiffiffiffi

R
p

D�1ð Þ

0
@

1
A

2

� � � ð3Þ

Formulae for N: Two versions

Both versions assume
R¼N1/N0 where N¼N1þN0

and extrapolate from NEV to N
using N ¼ NEV/pEV

where pEV ¼ Pr(event occurs)
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The formula shown at the left computes pEV
making use of the median follow-up time (MF)
for all study subjects, where MF ¼ A/2þ F, with
A denoting the accrual period and F denoting
the follow-up period for the study.

The second formula shown here computes pEV
making use of guestimates of the two para-
meters being compared to define the effect size
of interest. These twoparameters canbehazards
(li, i¼0,1), survival probabilities (Si, i ¼ 0,1) or
median survival times (mi, i¼0,1) for eachgroup.

Even if the parameters being guestimated
are Si, or mi, rather than li, one can transform
the guestimate into a corresponding value for
li if an exponential survival distribution is
assumed. In particular, if the guestimates are
median survival times (mi), it follows that
li ¼ln 2/mi.

To obtain N1 and N0, from N and R, the for-
mulae shown at the left can be used.

Three other issues were also considered as
shown at the left.

There needs to be a balance between the lengths
of accrual and follow-up periods. The cost
of accruing subjects into a study is, in general,
far greater than the cost of follow-up. In partic-
ular, a longer follow-up time has a larger impact
on sample size than a longer accrual time
(illustrated by example).

We can adjust for possible loss to follow-up in
sample size calculations if we have an estimate
from previous studies of the proportion of sub-
jects expected to be lost to follow-up (plof).

The adjusted sample size (NLOFadj) that accounts
for the loss to follow-up is obtained by dividingN
by (1-plof).

Formula using MF ¼ A/2 þ F (i.e.,
median FU time)

N ¼ NEV

R

Rþ 1
1� S1 MFð Þf g þ 1

Rþ 1
1� S0 MFð Þf g

Special case: Si(t) ¼ exp(�lit), i¼0,1

N ¼ NEV

R

Rþ 1
1� e�l1MF
� �þ 1

Rþ 1
1� e�l0MF
� �

Formula assuming exponential
survival Si(t) ¼ exp(�lit), i¼0,1,
and guestimates li, Si or mi.

N ¼ NEV

R

Rþ 1
pEV1 þ

1

Rþ 1
pEV0

where
pEVi ¼ 1� 1

liA
e�liF � e�li AþFð Þ
h i

li ¼ constant hazard for group i
R ¼ allocation ratio,
A ¼ accrual period,
F ¼ follow-up period

N1 ¼ [R/(Rþ1)]N and N0 ¼ N1/2

Other issues:

� Choosing accrual and follow-
up times;

� Adjusting for loss to follow-up;
� Adjusting for cross-over (drop-

in/drop-out)

Accrual versus follow-up periods:
A ¼ accrual period, F ¼ follow-up
period

� Need balance between lengths
of accrual and follow-up periods

� Cost of Accrual >> Cost of
follow-up

Adjusting for loss to follow-up:
Need
plof ¼ proportion of subjects

expected to be lost to follow-up
N ¼ study size with full follow-up

NLOFadj ¼ N= 1� plofð Þ

516 10. Design Issues for Randomized Trials



The typical approach to analysis when study
subjects drop-in or drop-out of study groups
originally assigned is the Intention-to-Treat
principle (ITT): analyze subjects according to
their original treatment group allocation.

Another approach to this problem involves
adjusting the sample size for potential cross-
overs. An adjustment formula can be derived
by defining dc and dt as the potential propor-
tion of subjects who drop into the control and
intervention groups, respectively.

Then it can be shown that for an intention-
to-treat analysis, to maintain the study power,
the total study size should be adjusted to give a
sample size inflation factor. This adjustment
formula (NITTadj) is shown at the left.

Cross-over (drop-in or drop-out)
problems:

Typical approach to analysis uses
the ITT principle:

subjects analyzed according to the
originally assigned treatment group

Another analysis approach:
Adjust for crossovers

N ¼ original total sample size
(w/o adjusting for cross-overs)

dc ¼ proportion of (drop-outs)
from T to C

dt ¼ proportion of (drop-ins) from
C to T

Sample-size formula adjusted
for ITT:

NITTadj ¼
N

1� dc � dtð Þ2
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Detailed
Outline

I. Introduction: Background to Statistical
Decisions (pages 500–501)

A. Issues addressed in this chapter

1. How many subjects?

2. Accrual period for recruitment?

3. Follow-up period after accrual?

4. What to do if subjects switch therapies?

B. Review of statistical concepts

1. List of concepts: H0, HA, P-value, Type I
error (a), Type II error (b), Power ¼ 1�b,
effect size (D).

2. D can be y1 � y0 or y1/y0 where yi are hazard
rates (li), survival probabilities (Si), or mean
survival times (mi)

II. Design Considerations: Time-to-Event Out-
comes (pages 502–503)

A. Randomized trials scheduling: Subjects are

1. accrued for a period of A (days, months,
years) time units

2. followed for a further period of F time units.

3. observed as to whether or not the event or
censoring occurred over follow-up from
study entry (X)

4. randomly allocated into treatment groups

B. Study Size (N) versus Number of Events (NEV)

1. N¼ total # of study participants

2. NEV¼ # of participants who get event during
the study period

3. Process for determining N in time-to-event
studies:

Step i: Determine NEV using a, 1�b, D
Step ii: Determine N from NEV using

extrapolation formula

N ¼ NEV=pEV where

pEV ¼ Pr study participant gets eventð Þ
4. In practice: determine N first, since NEV

occurs after study begins

5. Determine N fromNEV using assumptions on

i. study duration

ii. distribution of event times.

III. Determining the Required Number of Events
(NEV) (pages 504–505)

A. Formula for NEV (Assumes: N1 ¼N0, both large,
PH assumption):

NEV ¼ z1�a=2 þ z1�b
� �

Dþ 1ð Þ
D� 1ð Þ

� �2

� � � � � � � � � � � � ð1Þ
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B. Formula for Power, given NEV, a, and D:

Power ¼ PrðZ < zEVÞ � � � � � � � � � � � � � � � � � � � � � � � � ð2Þ
where zEV ¼ ffiffiffiffiffiffiffiffiffi

NEV

p D�1
Dþ1

� �
� z1�a=2

h i
and Z�N(0,1)

C. Formula for NEV (Allows for unequal sample
sizes N1 and N0 where N ¼ N1 þ N0 and
R ¼ N1/N0):

NEV ¼ z1�a=2 þ z1�b
� �

RDþ 1ð Þffiffiffiffi
R

p
D� 1ð Þ

 !2

� � � � � � � � � � � � ð3Þ

D. Examples for a ¼ 0.05, 1�b ¼ 0.80,
D (¼ m1/m2) ¼ 2: R¼1 ) NEV¼71;
R¼2 ) NEV¼98

IV. Determining the Required Total Number of Par-
ticipants (N) (pages 505–511)

A. Two versions, each assume:

1. R¼N1/N0 where N ¼ N1þN0

2. N is extrapolated from NEV to N using
N ¼ NEV/pEV where pEV ¼ Pr(event occurs).

B. Version 1: Uses MF ¼ A/2 þ F (i.e., median FU
time)

1. Any survival distribution:

N ¼ NEV

R

Rþ 1
1� S1 MFð Þf g þ 1

Rþ 1
1� S0 MFð Þf g

2. Special case: assumes exponential survival
Si(t) ¼ exp(�lit), i¼0,1:

N ¼ NEV

R

Rþ 1
1� e�l1MF
� �þ 1

Rþ 1
1� e�l0MF
� �

C. Version 2: Uses guestimates for hazard func-
tions li, i¼0,1 and assumes exponential survival
Si(t)¼ exp(�lit), where li¼ constant hazard for
group i¼0,1.

N ¼ NEV

R

Rþ 1
pEV1 þ

1

Rþ 1
pEV0

where

pEVi ¼ 1� 1

liA
e�liF � e�li AþFð Þ
h i

D. Formula for obtaining N1 and N0 fromN and R:
N1 ¼ [R/(Rþ1)]N and N0 ¼ N1/2.
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E. Example using A¼2, F¼4. a¼0.05, b¼0.10,
D ¼ l0/l1 ¼ 2, R¼1.

1. Version 1: MF ¼ 5, N � 308

2. Version 2: l0 ¼ 0.10, l1 ¼ 0.05,
pEV1 ¼ 0.2207, pEV0 ¼ 0.3925, N � 309

F. Second Example: A¼15, F¼12, a¼0.05, b¼0.10,
m0 ¼ 6, m1 ¼ 10, R¼2.

1. Using version 2, must change mi to li using
the relationship li ¼ ln 2/mi.

2. m0 ¼ 6 ) l0 ¼ 0.1155; m1 ¼ 10 )
l1 ¼ 0.0693.

3. Computed NEV � 222.

4. Using version 2, computed pEV1¼0.7293,
pev0¼0.8812, and N � 285.

5. Obtaining N1 and N0 fromN and R: N1¼190,
N0¼95.

V. Other Design Issues (pages 511–514)

A. Three issues:

� Choosing accrual and follow-up times

� Adjusting for loss to follow-up

� Adjusting for cross-over (drop-in and/or
drop-out)

B. Accrual versus follow-up times

1. Need balance

2. Cost of accrual >> Cost of follow-up

3. (Colorectal cancer) Example: longer follow-
up time has > impact on sample size than
longer accrual time.

C. Adjusting for loss to follow-up.

1. Formula: NLOFadj ¼ N/(1�plof) where
plof ¼ proportion of subjects expected to be
lost to follow-up.

2. Example: N¼270, plof ¼ 0.25 NLOFadj ¼ 360.
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D. Adjusting for crossovers (drop-in/drop-out).

1. Typical analysis approach: Intention- to-
Treat (ITT); analyze what you randomize

2. Can adjust sample size to allow for cross-
overs.

a. Formula: NITTadj ¼ N/(1 � dc � dt)
2,

where
N ¼ original total sample size

dc ¼ proportion of (drop-outs) from T
to C

dt¼ proportion of (drop-ins) from C to T

b. Table of sample size inflation factors for
different combinations of dc and dt.

i. Subjects receiving opposite treat-
ment from randomized allocation
“dilute” effect of intervention unless
adjusted for.

c. Example (Exercise regimen effect on
colorectal cancer?): N¼600, dc ¼ 0.05,
dt ¼ 0.15 ) NITTadj ¼ 936.

VI. Summary (pages 514–517)

Practice
Exercises

Answer questions 1–10 as true or false (circle T or F)

T F 1. In a randomized trial comparing 2 groups, the
null hypothesis (H0) assumes that the survival
experience in the groups is different.

T F 2. The effect size is typically determined in the form
of a difference of hazard rates.

T F 3. Suppose that a time-to-event study is designed to
determine if there is reduction in annual hazard
rates from 5% to 2.5%. Then the effect size of
interest defined in terms of a ratio measure is 2.

T F 4. The P-value is the probability that the null
hypothesis is true given the observed study data.

T F 5. Consider a two-group randomized clinical trial,
in which the randomization process is not sys-
tematically flawed. Then the use of a P-value to
compare the distributions of a known risk factor
(e.g., gender) in each group is uninformative.

T F 6. When determining sample size for a time-to-
event study, one typically first determines the
expected (i.e., required) number of events (NEV)
prior to determining the study size required (N).
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T F 7. When carrying out a time-to-event study, one
typically recruits the study participants prior to
observing the number of events that actually
occur.

T F 8. A formula for the total sample size (N) for a time-
to-event study can be derived by multiplying the
required number of events (NEV) by the probabil-
ity (pEV) that a study subject will get an event
since study entry, i.e., N ¼ NEV � pEV.

T F 9. Suppose the allocation ratio (R ¼ N1/N0) for sub-
jects into two treatment groups is 1/2, and it is
determined that the total study size (N) required
is 300. Then N1 ¼ 100 and N0 ¼ 200.

T F 10. Suppose that it is determined that the total study
size required (N) is 300 without considering the
possibility of loss to follow-up during the study.
If, nevertheless, the investigators expect that 20%
of study subjects would be lost to follow-up, Then
to adjust for possible loss to follow-up, the sam-
ple size should be increased to 1500 subjects.

Consider a randomized trial in which the accrual period
(A) is 2 years and the follow-up period (F) is 3 years.
Suppose further that the allocation ratio (R) is 2, a¼.05,
b¼.20, and the study aim is to increase the median survival
time (mi) in the control group from 1.5 years to 2.2 years in
the intervention group.

11. Assuming an exponential survival rate in both groups,
transform the given median survival times (mi) to
corresponding hazard rates (li).

12. Based on your answer to question 11, what is D?
13. Determine the number of events (NEV) required for

the study.

14. Determine the probability of getting an event (pEVi)
for each group, i¼0,1.

15. Determine the total sample size (N) required for this
study.

16. Determine the sample sizes in each group (i.e., N0

and N1).

17. Based on your answer to question 14, how would
you adjust your total sample size to consider loss-to-
follow-up of 25%?

18. Based on your answer to question 17, determine the
sample sizes required in each group (i.e., N0 and N1).

19. Based on your answer to question 17, how would you
adjust your total sample size to consider cross-over
percentages of dc ¼ .05 and dt ¼0.10?

20. Based on your answer to question 17, determine the
sample sizes required in each group (i.e., N0 and N1).
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Test Consider a randomized trial in which the accrual period (A)
is 2 years and the follow-up period (F) is 2 years. Suppose
further that the allocation ratio (R) is 2, a¼.05, b¼.10, and
the study aim is to reduce hazard rate (li) in the control
group from 10% to 5% in the intervention group.

1. Use Formula 1 (see detailed outline) to determine the
required number of events (NEV), total study size (N),
and sample sizes required in each group (i.e., N0 andN1).

2. Use Formula 2 (see detailed outline) to determine the
required number of events (NEV), total study size (N),
and sample sizes required in each group (i.e., N0 andN1).

3. Howdo the total sample sizes (N) obtained inquestions 1
and 2 compare?

4. Based on your answer to question 2, how would you
adjust your total sample size to consider loss-to-follow-
up of 25%?

5. Based on your answer to question 4, determine the
sample sizes required in each group (i.e., N0 and N1).

6. Based on your answer to question 4, how would you
adjust your total sample size to consider cross-over
proportions of dc ¼ .05 and dt ¼ 0.10?

7. Based on your answer to question 6, determine the
sample sizes required in each group (i.e., N0 and N1).

8. Using the total study size (N) calculated in question 6,
these study subjects will need to be recruited at an
accrual rate of r¼N/A per year, where A¼2. If this
accrual rate is not feasible, i.e., you couldn’t find r
subjects per year, how can you adjust your sample
size to make your study feasible?

Answers to
Practice
Exercises

1. F: H0 assumes that the survival experience in the two
groups is the same.

2. F: The effect size can be either in the form of a differ-
ence or ratio of hazard rates, survival probabilities, or
median survival times.

1. T

2. F: The P-value is the probability of obtaining a result
as or more extreme than the result obtained in one’s
study given that the that the null hypothesis is true.

3. T

4. T

7. T

8. F: N ¼ NEV/pEV.

9. T
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10. F: The sample size should be increased to 375 sub-
jects.

11. Using the formula li ¼ ln 2/mi, i¼0,1, we obtain
m0 ¼ 1.5 ) l0 ¼ 0.4621; m1 ¼ 2.2 ) l1 ¼ 0.3151.

12. D ¼ l0//l1 ¼ 0.4621/0.3151 ¼ 1.467.

13. NEV ¼ 1:96þ 0:84ð Þ 2 1:467ð Þ þ 1ð Þffiffiffi
2

p
1:467� 1ð Þ

 !2

¼ 129:91, which

rounds to 130 required events.

14. Using Formula 2, we obtain

pEV1 ¼ 1� 1

0:3151ð Þ 2ð Þ e� 0:3151ð Þ 3ð Þ � e� 0:3151ð Þ 2þ3ð Þ
h i

¼ 1� 0:2883 ¼ 0:7117

pEV0 ¼ 1� 1

0:4621ð Þ 2ð Þ e� 0:4621ð Þ 3ð Þ � e� 0:4621ð Þ 2þ3ð Þ
h i

¼ 1� 0:1632 ¼ 0:8368

15. N ¼ 130

2

2 + 1
0:7117ð Þ þ 1

2þ 1
0:8368ð Þ

¼ 172:55 � 173

16. N1 ¼ [2/(2þ1)]173 ¼ 115.33 � 115 and
N0 ¼ 115.33/2 ¼ 57.67 � 58

17. NLOFadj ¼ 173/(1 � 0.25) ¼ 230.67 � 231

18. N1 ¼ [2/(2þ1)]231 ¼ 154 and N0 ¼ 154/2 ¼ 77

19. NITTadj ¼ 231/(1 � 0.05 �0.10)2 ¼ 319.72 � 320

20. N1¼ [2/(2þ1)]320¼ 213.33� 213 and N0¼ 213.33/2¼
106.665 � 107
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